INTRODUCTION
============

Hirudotherapy is a treatment using leeches that was approved by the FDA in 2004. Hirudotherapy utilizes the biological advantages of medicinal leeches \[[@B1]\]. The known fact was that leeches feed on the blood of their host and during the course, release bloodthinning substances like anticoagulants along with their saliva \[[@B2]\]. Following replantation or flap procedure, leeches are used to relieve postoperative venous congestion and salvage the flap \[[@B3]\].

Although there are many reports of leech therapy in the area of microsurgical replantation and flap reconstruction, most patients and carers show aversion the first time they hear about this treatment.

The aim of this study is to understand people\'s general aversion to hirudotherapy, to analyze differences in the extent of aversion among subgroups, to examine how the extent of aversion changes after subjects receive a thorough explanation of hirudotherapy, and to explore methods of improving patient compliance.

METHODS
=======

Subjects and methods
--------------------

A questionnaire was designed for a total of 200 subjects. In order to perform a subgroup analysis, we administered the questionnaire to 50 doctors, 50 medical students, and 100 non-medical personnel. In order to investigate the independent effect of explanation on the outcomes, we excluded subjects with prior knowledge that leeches could be used to improve postoperative outcomes in flap surgery and finger replantation; thus, the ten subjects who selected answer (1) for Question 6 were excluded, and the questionnaire was administered to another ten persons, to make two-hundred subjects in total.

Questionnaire
-------------

The questionnaire was constructed as follows. On Page 1, the aims of the study were not revealed to subjects to avoid bias in their responses. This page contained questions about subjects\' information and 'pre-explanation compliance'. It consisted of the following items: ([Fig. 1](#F1){ref-type="fig"}). 1. Sex, 2. Age, 3. Profession (doctor, medical student, or non-medical personnel), 4. Compliance to hirudotherapy on a scale of 0--10.

Once subjects had completed their responses to Page 1, they were instructed to read the explanation and case reports on Pages 2 and 3. There were no time restrictions and, if required, subjects were provided with thorough explanations of difficult terms such as 'necrosis' and 'venous congestion'. The explanation was as follows.

### Explanation of the medical use of leeches ([Fig. 2](#F2){ref-type="fig"})

'The skin is our body\'s primary defense, and it helps to maintain our health by preventing infections from entering the body. Defects in the skin and soft tissues can be caused by tumor removal, bedsores, or trauma, and these defects can be treated by disinfection, a negative pressure wound therapy system, skin graft, or flap surgery. Of these, flap surgery is a method of reconstructing severe tissue defects, and includes local flap surgery, regional flap surgery, and free flap surgery. For the flap to survive, it needs to be provided with an arterial blood supply and venous blood drainage. Even if the flap has a blood supply, once it has been oxygenated, it cannot survive if failure of the blood to drain causes venous congestion. Although leeches have been used in medicine since the distant past, people feel a sense of disgust at their appearance and their blood-feeding behavior. However, leaches are very useful for treating venous congestion, which is difficult to correct with surgery.'

Next, the subjects were provided with images and an explanation about patients who had undergone breast reconstruction at our hospital using a transverse rectus abdominis myocutaneous flap, had been at risk of flap necrosis due to postoperative venous congestion, and had achieved a positive outcome by using hirudotherapy.

The first case introduced in the questionnaire. A 55-year-old woman who underwent breast-conserving surgery for left breast cancer 18 months previously had developed a soft tissue defect after 1 postoperative year due to infection of the inserted mesh (above). Reconstruction surgery was performed using a transverse rectus abdominis myocutaneous flap, but congestion in the medial margin of the flap led to a risk of necrosis. This was treated by hirudotherapy, and the flap color improved within 5 days (below, right).

The second case introduced in the questionnaire ([Fig. 3](#F3){ref-type="fig"}). A woman underwent modified radical mastectomy for right breast cancer 8 years previously; reconstruction surgery was performed using a transverse rectus abdominis myocutaneous flap, but congestion developed in the upper, lateral, and inferior portions of the flap (above). Hirudotherapy was performed, and most of the congestion was alleviated within 6 days (below).

At the bottom of Page 3, the same questions as Page 1 were presented again, in order to check the subjects\' 'post-explanation compliance'. Finally, a 6th question was presented to exclude subjects who had prior knowledge about hirudotherapy.

The improvement in compliance following the explanation was analyzed for all subjects. Subsequently, the subjects were divided into subgroups according to profession, sex, and age, and the improvement in compliance was analyzed for each subgroup.

In order to analyze the effects of profession, sex, and age on compliance, a one-way analysis of variance (ANOVA) was performed for the three conditions of pre-explanation, post-explanation, and change following explanation. Tukey\'s method was used for post-hoc testing.

In order to investigate the effects of medical knowledge on compliance, the subjects were divided by profession, into subgroups of 50 doctors, 50 medical students, and 100 non-medical personnel.

In order to investigate the effects of sex on compliance, the 100 non-medical personnel were divided into subgroups of 48 males and 52 females. In order to investigate the effects of age on compliance, the 100 non-medical personnel were divided into subgroups of 29 subjects in their twenties, 20 subjects in their thirties, 27 subjects in their forties, and 24 subjects in their fifties.

RESULTS
=======

Improvements in compliance by subgroup
--------------------------------------

Among all subjects, compliance improved significantly after the explanation of hirudotherapy ([Table 1](#T1){ref-type="table"}).

Statistical analysis of the three subgroups by profession showed a significant improvement after the explanation of hirudotherapy ([Table 2](#T2){ref-type="table"}).

There was a significant improvement in compliance after the explanation of hirudotherapy irrespective of sex ([Table 3](#T3){ref-type="table"}).

There was also a significant improvement in compliance after the explanation of hirudotherapy in all age groups ([Table 4](#T4){ref-type="table"}).

Comparison of improvement in compliance between subgroups
---------------------------------------------------------

In further statistical analysis of the three subgroups by profession, greater medical knowledge was associated with higher compliance before and after the explanation about hirudotherapy. Analysis of the improvement in compliance showed no significant differences between doctors and medical students or between medical students and non-medical personnel, but there was a significant difference between doctors and non-medical personnel.

Statistical analysis of sex showed, a significant difference between men and women in pre-explanation compliance and post-explanation compliance. The change in compliance was also significantly different between men and women.

We also analyzed the pre- and post-explanation compliance, as well as the improvement in compliance, by age. Pre-explanation compliance showed no significant differences between subjects in the 20s and subjects in their 30s, or between subjects in their 40s and subjects in their 50s. However, when subjects in their 20s and 30s were merged into one group and subjects in their 40s and 50s were merged into one group, there was a significant difference between these two groups.

DISCUSSION
==========

The group of all subjects showed an improvement in compliance following the explanation, and there were also differences in the improvement according to medical knowledge, sex, and age.

First, in the analysis by medical knowledge, greater medical knowledge was associated with a greater improvement in compliance. Medical knowledge could impact a subject\'s understanding of the effects of leeches on the flap.

Second, in the analysis by sex, there was a significant difference in pre-explanation compliance between males and females. There were also significant differences between males and females in post-explanation compliance and in the change in compliance. Males showed significantly higher scores for pre-explanation compliance and post-explanation compliance, and also showed a significantly greater increase in compliance. This is thought to be due to differences in the extent of disgust felt towards leeches, and the leeches being received more positively by males than females.

Third, the analysis by age showed that pre-explanation compliance was higher for younger age groups. Post-explanation compliance showed a decrease in the average compliance with increasing age. Although there were no significant differences between subjects in their 20s and 30s, 30s and 40s, or 40s and 50s, there were significant differences between subjects in their 20s and 40s, and between subjects in their 30s and 50s. However, when the change in compliance was analyzed, there were no large differences between subjects in their 20s (1.76 points), in their 30s (2.00 points), in their 40s (1.85 points), or in their 50s (1.67 points), and the one-way ANOVA and post-hoc Tukey\'s tests also showed no significant difference in the change in compliance between the four groups. Age had no effect on the improvement in compliance. Subjects of younger age could be considered to be more flexible in taking on new scientific facts. However, sex ratios were not consistent among different age groups, which was a limitation during the sample design process. Since sex is a factor that can affect compliance, the results could be made more reliable if the sex ratios were the same across all age groups.

The use of leeches for flap venous congestion management shows different compliance according to the age and medical knowledge of patients and carers. Age, sex, and medical knowledge all showed an effect on the improvement in compliance. Of these, medical knowledge is the only factor that can be changed. Therefore, in order to increase compliance, if the medical knowledge of patients and carers were to be enhanced through continual, in-depth education, it should be possible to reduce their aversion to hirudotherapy.
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###### Compliance before/after explanation
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^a)^Statistical significance was evaluated by T-test.

###### Compliance before/after explanation compared with doctors, medical students and non-medical personel
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SD, standard deviation; Non-medicine, non-medical personel.

^a)^Statistical significance was evaluated by paired T-test.

###### Lay public\'s compliance before/after explanation compared with male and female
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SD, standard deviation.

^a)^Statistical significance was evaluated by paired T-test.

###### Lay public\'s compliance before/after explanation compared with age groups
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SD, standard deviation.

^a)^Statistical significance was evaluated by paired T-test.
